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prowss,  or service by 1 r:ldc mtme, iradcmark, m:tnufmlurcr or ofhmviw, d(Ks 1101
cons[itde or imply its mdorscmd by (IIC llnited Slalcs (;womlncnl or the .Id l’ropHl-
sion 1 ,nboral my, (%lifor[lia  IMilulc of ‘1’dtdogy.
cassc~ldin alknnas.  If] 196”/ llm fil st 64 IIwlc.1  slalim was c.o Ityktc41 :ind mm usd al S- I laid
fo the. h4a1-ilwr missicm to Venus. 11] 1 !Y/3 8.LI (i] 17 (X- IIaml)  masms wmc: jtM:illc41  on the. 64
mcIcI  tintcnniis  d uscxi to ttd Mwim 1(). IIy 1989 tl]c.  64 mc.tcr  antcnims WCJC. immsd
ill di;imc(m  to 70 meters, iwvwsing :,tiin by tilmosl  ? d]{  1074  dlli. in addition 10 lhc c.mmt
?.3 (i] 17 atd 8.zI Cil 17 sjmcccrtifl  dmwllink f[cqucncks, masm ojmrtt[irlg,  at 15 C;] 17 and 22
G] IZ hiivc.  km dc.vcky)cLi  aTKi USC41 on 1 ISN at](cnnas  fol mlio  sc.icmcc iij)~)lic:itions.  It]
ktTWy,  ]~~~ ii ~~ ~] ]? CWi(y IIMSCI’ Wt!S  USC(] fOI” lk fil St lcC.CJ)t  ion Of Kn-llHTd Si~l]dS  f[ol~l
deep S]mcc. [ Ref.?].

‘l”cxliiy,  tlIc I)SN is cotn])l  id of lwdvc dccj) S]MCC  iintmna  stations it] t}]t m IXT.])
S]mcc <;c~~llllllll]ictitic)ll  Co]nj)kxc,s (1 )S(Xk). ‘1’lm  h4ii(it  id, S]min {hmjkx,  tlm (hbm a,
Australiii (kmqdcx,  md the. (iokls~onc (km]kx  in SoL]I}Km  (hlifomia’s  h40j:ivc.  1 ksc.] I aw
cad IOciitexi a[xwl  1 ?oc” qxiT I in kmp,itudc, so as the 1 {iilth lcvolvcs, ii Spmcraft  WI) k
t rdckcd by cad] of the st tit ions sucuxsivcl  y WC] a ?4 hour ]miod. ‘1 1 Ic Ndwork O}KJ itt ions
Control Cc.ntcr is kmtcd tit J]’], in l’fis:idcna,  California. (fig. 1).

1 WI] mmplcx is cquip])cd  will) a 70 mc.trr  (230 f[xx) (iianmla anknna wllicll is
miinly usc41 for dccj) space Cc)llllllt]llic:tti[)ll, ii 26 Hmlcr (85 f(x)t) :tnknn:i used ])rim:irily for
sckctcil  1 Ml}] mbitiil  missiom,  iind two M mctct  (1 1 ? f{x)t) :tl]tc,nnas  wl]ictl  arc used fol tx)tll
dc.q)  slxwc. ald  1 laid]  ohil:il  Inissim)s. ‘lIIc 70 IIlclo  iiIIlCJIIIa at (;oldstolm (1) SS- 14) is :Ilso

used for planckwy radm i nvcst  i~,at  ions. St[it ions cw I k “afmyc41”  or c.lcd I miwll  y combid
10 imcasc smsitivily  01 fol- Very 1 mng IIasclim lrltclfclC)lllclly  (V1 ,111), in which a vil Iu:tl
ante.nna is mxttcd  will)  fin cffcctivc  dialncm cqu:il  to ltm dist:tim lWWIcc.tl  ttlc  comjmncnt
alltcnllas.

‘1’ksc anlcnnas  arc cdsscgtditl  dc.signs  c]qdoying sulmflcctors  to focus the ~nicro
wave signal  at a fc.clihom which cxtctl(is  fmm a “mm” lmsing, tlm 1.NAs arKl tllc  mociatcd
wavcguidc feed syslcm and is iitlachc4{  to tlw suI face of the. ]M imary  mflcxxor  (fI~,. 2). Compo
mIIts lcmtcli itlsidc  h mm (and otlu Comjmncl)ts  IOcatcd on structures atxwc the maili
ckvatim  bctiring)  mc sul)jcct  to tllc Iijq)i]lg  motion  of the ]mimwy rcfkto  as it links sig,ndl
sources from the horizon toward z.cnith  and tlm) hack to tl]c Imimt).  After the initial :im])lifi-
c.ittion by the 1,NA, the sigwtl is co]](iuctc41  ]xist IIK min elevation bearing to wccivus  and
(ioW’llCollVCl(  Cl’S”  tX.10W  tl K COI-IC vi;i CO:iX i ;il Citl)lC.

At (ioldstonc  1 )SS- 13 a JEW M mckl bc;m wavcguidc.  (llW(i)  imtcnnn }Ms km
crc.clcd  for research and dcvdopmmt  ]Nqmcs,  awl m hdp dc.krmi nc the design of ful UK
antcnn[~s. A txwln wavcguidc  i{r)t~]][]it diffm f[w n ii cassc:,raitl dc.sign ill its usc  of a series of
flit and slIapc4i  “mirrors” 10 guide tllc  ]nioowavc km] fmm tlm ])1’ill):tl’y lt:flcctm :ind
sutwe.ftcctor through H hok  in the surface. of the main  kftcctor  an(i clown  a “tunnc]” thfit  txmds



around the chat ion bcaritlg  to the microwmw fcc4ihorn at a stat icmwy, mmt i j)j}ing  10cM  ion.
‘lhis design allows maximum flmit)ili(y  in front cd colnlnm}ts installatimi  bccausc  tlm final

minors can be moved  to focus on n varidy of 1.NA feeds, and tbc spmc avail  tiblc  for maser
mplifhs, trmsmitters,  etc. is much grcdter than is available inside a fccdcmc  (fig. 3). ‘l-he
X-}land 111 .NA maser, dcscribc4t  in this w[iclc.,  was designed (o take actvantag,c,  of the s~)ccifil
prope.rliex  of this design, pmvidill~ the lowest pc)ssib]c  noise tcmpcraturc pcrfomumcc for a
1 >SN amplifier/fed systmn,

1 )uc to the size mci weight rcslrict  ions impmc.d  on spaccmafl,  the at [cndant  smtill
antenna size. and low transmitter power combim  to Iilakc  signdl  m4!cj)tim  m 1 Ml]  cxtrcmcl y
difficult. As missions have cxtcndeci into (ic.c.pcr  space the tccbniutl  cballcn~,c  of ~~(xwcril)g

the small spnccmfl  si~,nal from the nearly ovcrwllc.lming  noise  has rcs111te41  in the dcwclol)-

mc.nt  of evc.r lwgc.r  and more. efficient anlcnms  and driven conl inucd rcsc.arch into low noise
mplificrs  (1 ,NAs) which con[ributc the, lowest intc.mal  clccomic  noise possi tic..

“J’he signal-tc)- noise-ratio of a signal rcmivcd by a 1 ISN antenna is fiffcctcd  primatily

by ] ) the collcc[ing area and efficiency d tbc. antcmna,  2) noise contributions from the atmo
sjherc and cosmic  background rd i at ion, and 3) tllc  intcrn:tl  noise ccmtl-ibutcd  to the signtil  by
the micmwavc  fc.ed system and 1.NA.

A figure.  of merit (M), whit]) dcscI ibcs tl)c sc.nsitivi[y  of a gIouIKl  sysIcIN (at a s}x-

cific frequency) m a spaccmfl  (Iown]ink  is d ircct I y projml iomd 10 the ankmna  area and
e. fficimcy  (G), and is invcrscl y proporlicmil  to the systcm c)pcrat ing tcmpcrat  ut-c (’1 ‘o])),
which incluclcs  1,NA/feed microwave, noi SC. tcmpcr:ltutc  pcrformanm

M: Grl’op 11]

‘]’0 d~tC, thC k)WCSt lK)iSC  tC.IllpCl”(itlll’C  ] ,NAS USCIi  by tk IXN ~1~ “lNiSC1’”  ~lllp]ifhS,

an mm ym for Microwave Amplifht  ion by St imuhtc{i  1 imission  of Rid i at im. Masers
provide tllc lowest cquivalm  input  noise tc]n]xmturc  (’1’in), of any micrmvavc  amplifier,
and in the lJSN mlgc from 2 K at 2.30(1 hfll Iz. (S-hand) to 3.5 K at 8450 Ml IZ lhr applica-
tions with less stringent misc. tcmpcrdturc  rc(luiwmwts or incrcasc41  bawiwidth, the mom
c.conomial  1 ligh 1 llcdrm Mobil ity”1 ‘ran sis[or (111 ;N4’1’) mplificrs cooled  in 15 K C(R arc
used. 1II;Mrl’1.NAs in tbc IX3N pmvidc 4-5 K input noise tclnpcratutc  at 2.?-2.3 G] Iz, ad
] ()-] 2 K at 8.2-8.7 (i] ]Z }MVf2 hem US(X].

Various  maser designs ut iliz.ing  ruby lll~t(Tiiil in rcflc.e.tcd-  wave, travding, wave, and
Cavi(y s[ruclutcs  have hem dcsignd  aTKi  used on ] X+N mltcntm [ l<cf. ~ I ‘lhis section will
s]w.ilically  address two rc.cent Jwtscr  designs: tk 1 ISN }Ilock 1 I-A ‘1’WM/CCI{  an(i the
liquid helium-cooled X-hand (11 .NA, which arc. traveling-wave clcsigns.



“J’hc six main components  of Ihcsc maser asscmb]ics  arc: 1) cm or more ttavcling-
wmw maser amplifier sttigc.s,  2) the maser pump source which operates at mnbicnt tcmpc.ra-
turc, 3) a persistent-mock supcrumctmling  magnc.t  which surmmts the maser channds, 4)
rcfrigcmticm  apjxmtus  which ccmls the. mast.r and slll>crc{)ll(lllc[i[lg,  mtigllct  to its operating
tcmpmturc,  5) the vacuum jackcl ant] radiation shields which pmvidc thcrml isolation, and
6) a low-noise ccmlcd  signal  input. I lath component will be clcscribcd  in detail  below.

‘1’hc IIloek II-A is the, hmvcst  noise tcmpcmture X-hand opcrat ional  Maser used in the
INN [ l<cf. 4]. ‘1’hc.sc clyogcmicall  y cooled 8.4 C;] 17. ‘J’rave.ling Wave Masc~- Amplifiers were
first implcmctucd  in the lJSN on 70 meter and M meter antennas to trd the two Voyager
spacecraft cm their tom of our solar system. ‘I”hc 9 IIlock 11-A ‘1’WMS currmtly  in the 1 ISN
IMvc a nominal cquivalc.nt input mist tcmJ~craturc  of 3.5 K and over 1()() h41 IZ of -3 d]]
bandwidth ccntcrcd at 8450 Ml lZ with 45 dll gain. ‘1’ypic:tl  1310ck 11-A maser installfitims m
the lMN 70 mctcx casscgrain  antcnwis have two lcctangulal  wavcguide  feed paths: a path
which employs a cliplcxcr to isokitc.  the tmnsmitlc. r from the maser an(i pmvidcs a total systm
opcrat ing noise tcmpcrat  urc (’1 ‘q) of 30.5 K including ccxmic backgroun(j noise and atmo
spheric contribution with antenna at zenith, an~i a “]OW noise” Jmth which byj)asscs  the
clip]cxcr and has achicvcd  a ‘1’op of 20.5 K, A spc.citil vcrsim of this n~ascl  MC41 for planetary
radar rcccpt  ion cmt aining a cryogenic polarizer and a low 10ss circular wavcguide  i njmt
provide.s a ‘1’op  of 14 K.

lXSN ‘1’WMS USC. mby as a paramgnc.t  ic material which is capable of producing a
negative resistance, or amplificatim, when the following conditions arc mc(:  the nlby must be
COOIC4J  to cryogenic tcmpcratum  to re4tuc.c  thermal energy; a shaped I>C magnetic fickj
provided by a s~ljlcrco~lc]llctillg  magnet iS aJ)Jdicd  thTOLlgh the ruby at the. aJ)Jm~Jmiatc  angle;
and the rllby must be cxcitcd, or “pmnpcd”, by microwave cmrgy at the correct frc4jucncic.s,
and the. inJmt signal must be apJm)Jwiatcly uwplcd to the ruby mmcr. 1 {ach indiviciual  maser
chanTEt  is an amplifier which produces IO- 12 dll of nc.t gait). 1 ‘cm chmncts  arc conncxlcd  in

series by short coaxial cables which cxtc.nd outside the sll]~clco]l(ll]ctil]g  m:if,tlc[.  ‘1’hc. four
amplifiers in cascade achieve the desired gaitl-t~;il](l~’icltl]  product of 40-45 dll net gain with
1(K) MI Iz. bandwidth.

‘1’hc basic lllock II-A maser structure consists of mc or more channc]s 34 ON in length
machined from tough pitch clc.ctrolytic  copjmr, each cticlc.ctrically  loaded with a sapphire bar

spticer,  a slow-wave comb structmc  a([achcc] to the ruby bar, a rcsmant isolator assembly
attached to alumina SUppOflS,  and a full length s])ring to force the components against one
side of the maser channel. (fig. 4).

INN nlby is comprised of single. crysttil aluminum oxide doped with ().()5% to ().()7%,



chromium oxictc.  II is cut into bars so the axis of symmetry, known as the ‘T” axis, will be
oriented to the magnetic field at the. proper H]]glc for maser opcrat  ion, uswill  y 900 (54 .7° is
also Uscd)[ Ref. 5].

IIlock 1 I-A type trtivc.ling  wave masers ctnploy a “S1OW-WNC comb”  structure. to dchiy
the propagation of the incoming signal  wave through the ILlby.  A 8.S cm array of half-
wmclcnglh  striplinc copper conductors, each appmximatc]y  .49 m long, .1 m wide find

spxxt  .1 cm apart on the ruby bar with a cotixial input and output. ‘1’ough pitch electrolytic
copper is used to fabricate the maser body and comb because of its low surfm mistivity  at
cryogenic tcmpcrat urcs. Oyogcnic tests performed at JP1. have revealed the supcriol  coJJ-
cluct ivil y of tollgh pitch clcctrol  yt ic copper over oxygen-free half-hard copper (01’1 IQ, even
though 01+’1 IC specifications for resistive chmical  itlgrwiients  arc more restricting. Sapphire
was sckted  for use. as the dielectric clement next to the hand-glued comb bcctiusc  it provicles
less forward loss to the signal than alumina and has the same thermal coefficient of expansion
as the ruby bar, thus avoiding possible abrasion as the components arc thermally cycled.

A unique Ytttitll~l-lr(~l~-Ciall~ct  (YIG) stap,gcred  height distributed isolator has been
ctcvclopc.d  at JP1, to suppress rcvcrsc gain, preventing amplifier rcgmcrat ion and oscillation.
“1’hc  isolator provides high reverse loss at the signal frequcmy with low fo] wtird loss (’1’able
1). ‘1’hc resonant isolator elements arc positional bctwccn the slow wave comb “fingers” in
the area of maximum circular polarization ‘1 ‘hey arc separated from each other by larger
“shunt” clcmcnts which reduce the magnetic field through the resonant clcmmls,  thereby
allowing, them to be physically snurllcr and thus provide lower forward loss.

‘1’hc superconducting magnet (SCM) which surrounds the maser and suJy~lics  the 5
‘1’csla (5(XX) Gauss) magnetic field is constmctccl  of wire which contains a Iliot>illtll-titallilllll
(Nb’1’i)  core ().()12.7 cm (.(X)5 in.) diameter surrounded by a coppcrjtickct 7.631 {-3 cm (.(K)3
im) thick and coated with lkmnvar insulating varnish. Approximtcly  1500” tarns ate closc-
wound  onto a copper form which fits ncatl  y around the. four- chtinnc]  maser boct y.”1 ‘he maser
body and coil arc contained within a 1 lypc.rco  iron box which increases the magtletic  field
strength and provides a uniform fie.tct. ‘l”hc slll~crcol~dl)ctillg  magnet  operates at 4.5 K ard is
persistent to 9.5 K, ‘1’hc cment required to charge. the magnet to 5 ‘1’esla is 7 Ampem  at less
than 1 Volt. Magnet  current is a(]justcd by a current supply connected across the coil. ‘1’hc
magnet current is shunted through the power su]y~ly  by driving a section of the coil  “normal”
using a small light bulb contained within a 4.5 K housing, then a(ljustirlg  the cumnt  on the,
power supply. ‘1’urning the light bulb “switch” off allows the coil to return to a persistent
mode arlct the power supply can be turned  off. (fig. 5)

‘J’hc ]>~ mag,rlCtiC  flC]d  Mlir)g upm thC. maser [XKjy iS ShapCIl  by StCC] ShilllS 2ttMChCl]

to one side of the copper maser bo(iy. “J’k SICC1  shims cffcc{ivcly  increase the field sttcngth
over pall of the length of the maser and broadens the frequency range of the. ruby mcrgy
absorption. Maser gain is traded  for ir~crcascd  bardwidth  by a(ljusting the amount  of mag-



Ml k Jkki staggering.  ‘J ‘he maw ])ump power is spread moss the ruby absorption band by
cicvittting  the center frequency of the pumps. ‘1’hc. modulation mtc of 1 (K) KI IZ allows pump
power to stimulate maser mlplification  simultaneously at another frequency because the
“relaxation” time of the, ruby spins (@$ 50 ms) is greater than the pump power sweep rate.
@100 mW of pump power is rek]uircd cwcr 19.1 m 19.3 GI Iz, and @ 200 mW is required over
23.9 to 24.2 G] Jz, ‘Jibe pump power enters the mscr channel through a diclectricall  y-loaded
pm from a cavity common  to all four channels. ‘1’hc maser pump source is mounted outside
the mscr vacuum jacket  and is ccmtwued to the maser via thin wall stainless steel wtivcguide,
to reduce heat leakage to the 4 K heat  station. ‘1’0 imprmw electrical conductivity the interior
of the wavcguide  is copper plaled to a thickness of 2.31 {-d cm (go microitwhes).

‘l’he ‘1’WM/s~l~)crcol~dllctil~g  magnet mscmbly  is mounted to and conduction cooled
by a 4.5 K closed-cycle helium refrigerator (Ul<) (fig. 6). ‘1’hc helium (Xl< originally
developed by Anhur  1>. 1.it tic, inc. ir] 1962 has been the basis for dcvclopmcn[  of 4.5 K
rcfrigmtors  at Jl)l.. ‘1’hcsc CCRS employ a two- sta~c Gifford-McMahon  refrigerator to at[ain
stage tcmpcralur-c.s  of 70 K anti 15 K. A Joule-’l’homson cxpansim  valve  circuit using
countc.rflow  Imt exchangers provicles H 4.5 K thir(i stage with a cooling capaci~y  of over one
Wat[. “J’hc IISN cumntl  y uses 3 and 5 hmcimwcr  (1 11)) helium compressors [o supply the 2
1X 1% (300 I}SIG) hc]ium gas w iiizui by the H;f<, (lmprcssors arc ccmnected  to the maser
~~R by 1.27 cm (.5 in.) fhiblc  gas lines, anti we loca!ui up to 100 mtcrs  away from the

maser/UX.

Rwtiaticm shici(is  covering  the colci  slatims arc goki platcxi to provi[ie minimum
ra(iiaticm heat 10ss anti protection from corrosion. ‘lhc vacuum insicic  the mtiscr (icwar is
maintained by a Varian Vaclon  8 li~m~scc.  pumJ) at an operating pressure < 1331 [-5 l’a (1 OIi-8
“roll”).

‘J’hc ]OW llOiSe signal inpu( Wavegui(ic  offer’s ]mv cJcctrical  ]0ss but high thcrmai
rcsistmcc, aciding only ().3 K to the maser noise tc.mJwrature.. “1’hc unique “folcic41”  ciesign
incrc.ascs  the resist ivc Jxtt h for heat ]cakagc  into the ICfrigcrator’ whiic  kccJ)i ng the Wavcgui(ie.
length shor[. Microwave choke joints separate the copper wavcgui(ie 3(K) K ,70 K, an(i 4.5
K sections  thmmlly,  and arc s11ppoIle41  by thin wall stainless stec.1  tubes which arc doubled
back to increase their lcng[h (}{cf.  fig. 6). output wavqyidcs  are .01()” wall stainless steel
pieces copper p]atui imicic 2.3] i-4 cm thick for klw loss. “J “o furlhcr lCXiWC.  the ]0ss of the
wavcguidc  sections they arc also ccm(iuctim coolc4i  by attachmcmt to the 15 K m~ci 70 K
mdiaticm  shields.

‘1’hc spacious, non-moving, e:asily accessible peliestal  room afforded by the beam
wavcgui(ic  design of the 34 meter antcnm at 11SS-13 allows use iiqui(i  helium cryostats as a
prmtical means to cool a maser anti fcui umlJmnc.rlts,  an(i achicvc  very low systcm noise



tcnqmaturcs.  operation of’ the maser nciw 1.7 K physical tcmpcrat m instead of 4.5 K (as is
used cm current IX3N masers) dramatically improves its pcrfomancc by both increasing its
gain-bandwidth produc~  and rcxiucing its noise tmpctaturc  from 3.8 K to about 1.0 K, Maser
opcrtttion in superfluid liquic] helium, below the 2. 17K “lambda point “, increases pcrformincc
two ways: 1 ) gain improves markedly (Iowcring  noise tcnlJ~craturc)  as the superfluid provides
an improved heat sink for the ruby, and 2) the super-ftuid heat sinks the ruby without “but~-
bling” or boiling, a fluid instability which adversely affects maser gain and phase st~bility.
‘l’he fecdhorn and other feed compcmcnts  can be cooled as WC]], reclucing their noise tcnq~cm-
turc contributions to almost ncgligib]c  levels.

‘1’hc first X-hand 1.7 K liquid cooled U1 .NA maser was cicsigneii  to provide the
lowest possible ‘l”op. in April, 1989 a package employing a cryogenic feedhorn achieved
maser operation at 1.7 K [Ref. 61,

‘1’hc basic l]bck  II-A maser design was modific~l  to pcr]~lit operation at 1.6 K physical
tcmpcratm-e.  As the electronic gain in dccibcls (excluding circuit losses) of a nmcr is ap-
proximatc]y  inversely pmpcmicml  to lhc physical tcmpcratuw, onc maser s[ructuw which
provides 10 d]] net gain ml 100 MI lZ of bandwid~h  tit 4.5 K provided 45 dB net gtiin  with 7S
Ml IZ of lx~ndwidth  at 1.7 K (’1’able 1.).

Opcrat ing tempcmturc  of 1.6 K was achieved by evacmt ing the hclim vapor in the
dewar. l’wo 1,cybolci-]  lcrcaus S6511 TI{IVA(;  pLInqM  arc combined to produce a flow of 43
1,1>1 I (92 Cl~M)  and rcducc the. vapor pressure. to less thm 8(N l’a (6 torr).

‘1’hc incrcasc  in gain required a corrcspcmiing  incrcasc in nmscr isolation to prevent
rcgcncration ancl oscillation. A new isolator strip was designed ant] fabricated that provides
twice the Block  1 I-A isolator rcvcrsc loss. ‘1’hc ncw resonant isolators required 4 times the
YIG volume of a lllock II-A isolator bccausc the efficiency was rc{illcwi  as the isolator
enlarged beyond the area of maximum circuiar polarization in the slow wave structure.

A smooth-wali  dual mode fccdi~om  was fabricatcci  as no sat is~~ctory  mcthoci  of
manufidct  uring a thin-wali  st ainlcss  steel corrugated horn has been found. in this application a
tcmpcraturc  gmiicnt  was present across the length of the horn, with 3(X) K at the aperture, and
1.65 K at the copper base. ‘1’hc 22 (illi  cryogenic fctiihorn  was fiabricatcd  in two sections,
with the smaller diameter 20.3 cm (8 in.) iong section mfichineLi  from copper to maintain its
tcmpcraturc isothcmaliy with the bath tcmpcmture. As ncar]y  60% of the microwave loss of
the fccdhom mmally  occurs in this section, cryogenically cooling this portion greatly
miuccs the total loss of the horn. ‘1’hc 33.9 cm (1 3.3 in.) long larger (iiamctcr porlion  of the,
horn was machined from stainless steel, to a thickness of. 15 cm (.(W) ins.) to restrict heat
leaking into the cryostat. ‘1’hc interior of the stainless steel horn section was copper pltitcxi  to a
thickness of 2.31 {-4 cm (90 micminchcs)  to improve the electrical conciuctivity of the
fccdhorn. ‘1’hc cold helium gas cvacmating the dcwar removed heat entering the cryostat



through tbc horn from heat exchanger scrcems attached to the horn. ‘J’hc heat leakage into the
cryostat through the born was calculated to be ~ 4(X) mW.

At JP1. the maser/feed package ‘1’op  of 7.5 K (CICM weather a[ zenith) was mcasurcct
including the sky, fcedhorn,  tmcl maser, the IOWCS( X-lRmi “1’op  ever mcaswwi, “l’he stability
was within limits Jwccsstuy  for usc by the DSN for tracking pmpcms (+/- ().02 till gain and -I/
-0.30 phase during 10 seconds), Although 1.7K cold-running time was lCSS than 8 hours, a
dccisicm was made to test the 111 .NA cm1)SS-13. “1’hc original design was modified by the
addition of an ambient tcmpcraturc  extcnsicm to Ihc fccdhom  to incrcme the gfiin to 25 d}li
and thereby reduce the angle of the antcma pattcf  I] (Jig. 7). ‘J’his reduced the “spill over” noise
visib]c  by the 1.NA and provide.cl the feed a closer match  to the beam wavcguidc  antenna
“optics”. “l-he mmp]eic feed asscmb]y wtis tested on the J1’1. antct~na  rmgc to assure proper
cllipticity and symmetry,

‘1’hc U] ,NA maser/feed package was operated cm the ground outside 1 )SS- 13 then
installed on the antenna November, 1991. When tested on the grounc]  it exhibited 43 c111 of
gain with a batldwidth  of 76 Ml l? (-3 dll). ‘1 hc total systcm noise tempcriit  me measured 6.8
K at 8475 MI l?, with the fccdhorn looking at the “cold” sky (zenith). Subtractirlg  cosmic
backgroun{i ar~d calculate~i  atmosphere noise e.ontributicms,  the input noise tcmpcrtiturc of the.
maser feed assembly is calculatcci  to bc 1.7 K. ‘1’hc ‘1’op on the anmna  w:is 14-15 K across
84(X)-85(X) Ml lz. incluc]ing  cosmic background and atmospheric noise ccmtribut  ions.

“1’o increase the 1.7 K cold running, time ami incrcasc the usab]c bandwicith of the
U1 .NA, it was coJwcIlcd from a cooled horn configuration to a 3.48 cm (1 .369 in.) circular
wavcguidc  irlimt package. A thin wall .0254 cm (.0] () it]) stainless steel circular wavcgui(ic
input transmission line 40.64 cm (16 in, ) long ami a 1 ;ccofoam (tm 1 hnmerscm arlci
(lmmings,  inc.) vacuum  window  was fabricate(i  to allow MC of an ambient tcmpcrat  urc 25
dili cormgatui horn (fig. 8). ‘1’hc.  low heat leakap,c  through the stainless steel has rcci11cc4i  the

liquid hclimn consumption and cxtcmic(i  the 1.7 K colci running time to over 24 hours. ‘J’hc
mki helium gas evacuating the (icwar rcmmm  hctit  cntcrir]g the cryostat through the stai nlcss
steel input line through heat cxchangcr  scrccns at(achui  to fiangcs along the lcn.gth  of the
wavcguidc.  “J’hc heat leakage into the cryostat thmu~h the input wavcguidc  is calculated to be
g 1(X) mW. ‘J’hc interior of the stainless steel input section was copper plate(i to a thickness of
lCSS than 2.3J;-4 cm (90 microirlchcs) to improve. the. electrical conductivity. . ‘J’hc calci}lateli
noise tcmpcmturc  contribution of the input  line is .7K when the 1,7K-3(K) K gra(iier]t  is ticross
its length (fig, 9).

J&P&JJJsed with Ci.ol(istonc Solar Svstcm RNi.N

Gol(istonc Solar Systcm Radar (GSSR)  typically uses the 11SS- 1470 meter ar]tcnna in
a “mcmostatic”  ccmfigmticm  whc.rcby the 450 kW X-llanCi  transmitter is pulsed ami the
scconciary reflector is rcmrtui to focus the incomirlg  Iaciar  echo minutes later at the. fecdhorn of



he receive-only maser.  Radar mapping of Venus, Mm, and astcroicis  have been sLwccss-
fully performed wilh this procedm  [}{cf.  7].

“J’hc oppor[uni[y to employ the [11 .NA for rcccption of deep space signals came when
aso.mid ‘I”outat  is close] y crossui  1 M}] orbit in Novcl~lhr-Ilccc~~llw.r,  1992 [ Ref. 8]. At jts
closest approach to 1 Mlh the round-trip light t imc was itlsufficicnl  to rotate the seccmi;iry
reflector to the maser feed before the arrival of the. echo, so “bi slat ic” oJwmt ion with another
anlenna and receiver was numsary.  ‘1’hc low noise pcrfomxmz  of the lJI ,NA at 11 SS- 13
made this antenna the best choice for the rccciving stfition. Radar imaging requires analysis of
the changes  jn polarimtion of received edmes, so simultaneous RCT and 1.0 rcccpt ion is
necessary. A second identical lJl .NA maser amplifier channel,  d polarim, and an or(homodc
junction were ad&xi to the maser/fe.cd package. ‘1’hc wavcguictc  components arc. coj~pc.r and
opcra[c in the 1.7K cnvirmmcnt,  therefore the a(idit  ional  noise cent ribut ion is low, .01 K. II

was also necessary to mise the maser gain bmlpass  to allow amplification at 8510 Ml Iz., the
GSSR frequency. As the ‘1’WM/S~M asscmb]y was suspcncte~i  from the coohxi  horI~ in the
carlim version, supports mactc of thin wall .074 cm (.029 in.) G-1() fiberglass tubes were. usui
to suspcnci  and insulate the maser from the ambient temperature cicwar  Ii(i. ‘lhc fcmr (i- 1 ()
t ubcs allow <50 mW total heat lcakngc.

‘1’hc lJl .NA mscr was again teskxi  on the ground  mtsidc the 1 )SS - 13 antenna before
instaliat ion. ‘1’hc groun(i”1 ‘op inclmiing sky, at mosphm  ami horn was 8.3 K. After sllbt  ratt-
ing the cosmic background an(i atmospheric noise contributions the duai-channc] ambient
horn lJ1 ,NA mist temperature is cahlatd  to be 3.6K rcfcmxl to the fdhorn  apcrlurc.

‘1’hc [J] .NA maser was instalki  m the 34 meter antenna and system noise tempcra-
tuw was measured at 14.2 K, inclu(iing  comic backgrounci  aIIci atmospheric noise cent ribu -
tions,  ‘1’his is compares fworab]y to the lowest X-l]an(i ‘lop of any IISN antenna, 14K at the
70 mc.tcr 11 SS-14 using the circular wavcgui~ic  input, listen-only llloek II-A maser.

(XINO.lJSION

‘1’hc Bhek  11-A js the result of over 20 years of ‘l’WM/(UCl{  [icvclopmemt  at J1’1. and jnclmie.s
man y refinements which enhance rcliabilit  y, d[ict gainhandwi(it  h, stabi] it y, ami improve low
noise pcrformanm.

II) July, 1993 the lJl ,NA maser will be useci  for ra(iar stu(ijcs  of Mercury. Refinements
plan[mi  for tilis installation include installation of a lower loss circuiar wavcguicte  vacuum
win(iow, and inqmvc4i  clyogcnic  tcmpcratl]re  sensors.

1 ht (Ire plans itdwic  convcrsicm of the, batch-fed liquici helium system to a (iual-(icwar  colI-
tinuous]y operating system. Also, (icvdopmcnt  of a 1.7K liquid helium cryostat that can be
tipped is planned, If a tipptibk  liquid  helium-mold maser similar to the 111 .NA could be



insta]]cd  cm ] )S$ ] 4 a tola] systcm opcmt ing tcmpcmt LWC of about  ] ] K (zenith, c]car wcatbcr)
could  be expected.

‘l”hc authors gratefully acknowledge the assistance of Sam l’ctty for bis help with the design of
the Block II-A maser and U1.NA,  Rex Quinn for his work on Block II-A dcvclopmcnt,  IX-.
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CORRUGATED INPUT MISMATCH LOSS 0.158—
HORN KAPTON WINDOW. 1.5 MIL 0.100

CORRUGATED FEE!JHOR’4 0.200

~ FOAM vAcuuM  ‘
!-!OWi FLANGE ADAPT/VAC  W!V)OW 0.300

A Al TOP PLATE

*~

e.028
SS WC137 SECTION ? o.293

Ss Wc 137 SECTION 2.+ .---. sss. - . . ..-------- ~.. -~c. ..-z z>... 0.274

Ss Wc 137 SECTION 3 0.133
Ss Wc 137 SECT!ON 4 0.952
WC137 POLARIZER SECTION C.oc 1

I WC”37 WG 0.000
WC7371’WC7QA COSINE TAPED

,
r 0RTuOnf109EJUNCT10!i

~.~~1

ooo~3
, f

n

WRI12 WG E! END 0.002
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35 dB CAL13 COUPLER (INJ NOISE) e-ogyjI

I,
; ORTHOM02E

w4” 12 WG STRAIGHT 0.002

I JUNCTION wP7’2/svlAAEAPTER 0.002
0.141  inch DIA COAX LINE o.o~fj

35 dg COUPLER MASER ASSEVBLY 1.200
CRYO OUTPUT COAX/WG ASS’Y

wG TO COAX I 0.000
c~Vo o~~PIJT WG ASS’Y 0.00 ?

AV91ENT  OUTPUT WG/COAX 0.005

. . . . . . . . . . . . & ‘ - - - - -”  - - - - -  “-----------& -”-----------------;1I
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Uu t ‘.[K
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TOTAL CALC. INPUT NOISE TEMP.: 2.85
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t

I MEASURED !NPUT NOISE TEMP. :
(REF. TO APERTURE OF FEEDHORN) 2.60

figure 9



,

lable 1. Pcrforrnance  c]f [Ilock 11-A rnascran  dlicluic{-coolcdn~  ascr c o m p a r e d
- —

lypical DSN Maser [)cvclopd  for

Dlock II-A Maser ‘1 Ilis Dcmcmtlatiotl
—-——— — . .

Cknter frec]ucmcy,  Ml 17 8450 8475

td~sm structure ter[ll)cr  atiIIc,  K ~.~a 1.7K
No. of 8.5-en] rul)y-fillecl  CIIaIMIdS 4 1
[ Icc[rcmic  gain/urlit  Imgtll, d[\/cIII 1.4 4.6

Ruby allsoipticm  (A), CIII 16.2 17
Inversicm  ratio (1 = E /A) 3.() 2.8
f orwarcl loss (co~lpw  arlcl cliclcctric) (S), cIII 7.s ?.5
Forward Ic)ss (due  tc) isolatc)r)  Y, cl[~ 1 . 5 2.5
‘1 otal forward loss (f = S + Y), d[l :) 5.()
1 otal isolatcm reverse  Ic)ss, cJ[{ 150 ‘i4
Calculatcct  mascx irl~mlt tlc]ise tcml)cratlllc 3.4 1.05
N e t  gain (Ci =- [ - l), dH 40 34
[{anc{wiclth  (-3 d[l) Mtlz 107 100

— . — — .

af~ll~.)y tjars CCKIICd  by Ccmcluctic)r)  irl a vacuum. 1 hetefc)rcj  actual rutjy tcmpcraturc  is assunmd
to bc: 5. OK.
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